An aerobic, Gram-stain-negative, oxidase-negative, catalase-positive, non-motile, non-sporeforming, rod-shaped, light pink-pigmented bacterium, designated strain R135 
The family Sphingobacteriaceae was proposed by Steyn et al. (1998) and includes the recently described genus Pedobacter, encompassing two former Sphingobacterium species, Pedobacter heparinus comb. nov. and Pedobacter piscium comb. nov., and two novel species, Pedobacter africans and Pedobacter saltans (Steyn et al., 1998) . At the time of writing Pedobacter heparinus, 55 species (http://www.bacterio.net/pedobacter.html) of the genus Pedobacter have been recognized. The predominant isoprenoid quinone of members of the genus Pedobacter is menaquinone-7 (MK-7), and the major fatty acids are summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), iso-C 15 : 0 and iso-C 17 : 0 3-OH (Steyn et al., 1998; Kwon et al., 2007 Kwon et al., , 2011 . In this novel soil bacterium, strain R135 T , of the genus Pedobacter is described.
Bacteria were selected from soil samples obtained from reclaimed grassland, geographically located at Hwaseong, South Korea (37 16¢ 10 † N 126 45¢ 43 † E) , and a bacterial strain, named R135
T , was isolated and subjected to a polyphasic taxonomic characterization. The results obtained from phenotypic, genotypic and phylogenetic analyses indicate that strain R135
T represents a novel species of the genus Pedobacter in the family Sphingobacteriaceae.
The soil samples were placed in sterile polyethylene bags that were closed tightly, and stored at room temperature. A modified culture method using transwell plates (Corning) (Pham & Kim, 2012) was utilize in this study. After placing 3 g of soil into each transwell plate, 3 ml of R2A medium (MB Cell) was added to each transwell insert. Then, 100 µl of a soil suspension (1 g of soil in 9 ml distilled water, thoroughly stirred and settled) was placed into the insert. The transwell plate was then incubated in a shaking incubator at 120 r.p.m. at 28 C for 2 weeks. After 2 weeks, the culture was serially diluted, and 100 µl of each dilution was spread on an R2A agar plate (Dahal & Kim, 2016) . Colonies were individually streaked on R2A plates until pure colonies were obtained, and the strains were stored at À70 C as suspensions in R2A broth supplemented with 20 % (v/v) glycerol.
Genomic DNA was isolated from strain R135 T according to the methods presented by Wilson (1997) . The 16S rRNA gene was amplified by PCR using primers 27F and 1492R (Frank et al., 2008) , and the amplified gene was sequenced with an Applied Biosystems 3770XL DNA analyser using a BigDye Terminator cycle sequencing kit v.3.1 (Applied Biosystems). A nearly complete sequence was assembled with SeqMan software (DNASTAR). The nearly full-length 16S rRNA gene (1449 bp) sequence was obtained, and the closest phylogenetic neighbours were identified using the EzTaxon-e database . After generating a multiple sequence alignment using CLUSTAL X 2.1 ( Thompson et al., 1997) and analysing the sequence data with the software package BioEdit (Hall, 1999) , phylogenetic analysis was performed using MEGA6 (Tamura et al., 2013) . Evolutionary distances were calculated using the Kimura twoparameter model (Kimura, 1980) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximumlikelihood (Felsenstein, 1981) methods. Bootstrap values were calculated based on 1000 replications (Felsenstein, 1985) . Preliminary comparisons with the 16S rRNA gene sequences in GenBank indicated that strain R135
T belongs to the family Sphingobacteriaceae. The analysis revealed that strain R135
T was related most closely to P. terrae DS-57 T were selected for comparative analysis and were used as reference strains for biochemical tests and analyses Mucilaginibacter myungsuensis of fatty acids, menaquinones, and DNA-DNA hybridization. 'P. jeongneungensis' BH45(97.78 % sequence similarity) and 'P. yonginense' HMD1002 (97.14 % sequence similarity) were not selected as they were validly published at the time of writing of this paper. All P. kyungheensis these starins were purchased from the Korean Agriculture Culture Collection (KACC).
The morphology of cells (Fig. S1 , available in the online Supplementary Material) grown on R2A agar for 2-4 days at 28 C was visual by light microscopy (BX50 microscope; Olympus), and scanning electron microscopy (S-4800 SEM;
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Hitachi). Colony morphology was observed on R2A agar after incubation at 28 C for 4 days using a Zoom Stereo Microscope (SZ61; Olympus). Motility was assessed in R2A medium containing 0.4 % agar according to the procedure described by Tittsler & Sandholzer (1936) . Gram staining was performed according to the procedure described by Doetsch (1981) . Catalase activity was determined by the production of bubbles after the addition of 3 % (v/v) hydrogen peroxide (H 2 O 2 ). Oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. The presence of flexirubin-type pigments was investigated with a 20 % (w/v) KOH solution (Reichenbach, 1992) . Growth was assessed on various bacteriological media, including R2A agar (MB Cell), nutrient agar (NA; Oxoid), tryptone soya agar (TSA; Oxoid), sorbitol MacConkey agar (MA; Oxoid), marine agar (Difco) and Luria-Bertani agar (LBA; Oxoid). Growth at various temperatures, ranging from 4 to 50 C (4, 10, 15, 20, 25, 28, 30, 32, 35, 37, 40, 42, 45 and 50 C) , was determined on R2A plates. The pH range for growth was determined by cultivation at 28 C in R2A broth adjusted to pH 4-12 (at 0.5 pH unit intervals) prior to sterilization using citrate/NaH 2 PO 4 buffer (for pH 4.0-5.5), phosphate buffer (for pH 6.0-7.5), Tris buffer (for pH 8-10) (Breznak & Costilow, 2007) or 5 M NaOH (for pH 10.5-12.0). Testing after autoclaving revealed only minor pH changes. Growth in NaCl was examined by cultivation in R2A broth containing 0-10 % (w/v) NaCl (at 1 % intervals). Hydrolysis of Tween 80 was assessed according to the method of Smibert & Krieg (1994) . Anaerobic growth was assessed by cultivation on R2A agar at 28 C for 10 days in a BBL (Becton Dickinson) anaerobic jar with a GasPak EZ Gas Generating Container (Becton Dickinson). Hydrolysis of starch and casein were evaluated as described previously (Tindall et al., 2007) . Production of hydrogen sulphide was assessed using sulphide indole motility (SIM) medium (Oxoid) according to the procedure described by Macfaddin (1980) . The Methyl Red and Voges-Proskauer (MR-VP) test was conducted with MR-VP broth (Vaughn et al., 1939) . A DNase assay was performed using DNase agar (Oxoid). Antibiotic susceptibilities were tested by cultivation on R2A plates at 28 C for 3-4 days with the paper disc method (Dahal & Kim, 2016) . Endospore formation was evaluated by staining with malachite green as described previously (Schaeffer & Fulton, 1933) . Other physiological and biochemical tests were performed using API 20NE and API ID 32GN test kits (bioM erieux). Enzyme activities were tested using an API ZYM kit (bioM erieux) according to the manufacturer's instructions. The phenotypic features of strain R135
T are presented in the species description below and compared with the reference strains in Table 1. For fatty acid analysis, biomass was harvested from strain R135
T and seven reference strains in logarithmic growth phase (2 days) on R2A plates after incubation at 28 C. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0B). The fatty acids were analysed with a gas chromatograph (HP 6890 Series GC System; Hewlett Packard) and identified using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . The major cellular fatty acids were summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), iso-C 15 : 0 , iso-C 17 : 0 3-OH and C 16 : 0 ; the novel strain showed characteristics in its fatty acid profile that were different from those of the most closely related strains ( Table 2 ).
The polar lipids and menaquinone were extracted according to the procedures described by Minnikin et al. (1984) . Menaquinone was extracted with methanol/water [water containing 0.3 % NaCl (Card, 1973) ] and petroleum ether at 80 C and analysed by HPLC. The polar lipids were analysed by two-dimensional TLC using chloroform/methanol/ water (65 : 25 : 4; v/v/v) in the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 2, v/v/v/v) in the second. Appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) were used to identify the spots; molybdophosphoric acid [phosphomolybdic acid reagent, 5 % (v/v) solution in ethanol; Sigma-Aldrich] was used to detect total polar lipids, ninhydrin reagent (0.2 % solution; Sigma Life Science) was used to detect amino lipids, Zinzadze reagent (molybdenum blue spray reagent, 1.3 %; Sigma Life Sciences) was used to detect phospholipids and a-naphthol reagent was used to detect glycolipids. The major polar lipid of strain R135
T was phosphatidylethanolamine. In addition, two unidentified phospholipids, three unidentified aminolipids and five unidentified polar lipids were also detected. No glycolipids were detected in the chromatogram when sprayed with a-naphthol-sulphuric acid and incubated at 110 C for 15 min (Fig. S2 ).
The DNA G+C content was determined according to the procedure described by Mesbah et al. (1989) . The DNA G+C content of strain R135 T was 40.4 mol%, a value that was within the range (33.8-44.2 mol%) reported for members of the genus Pedobacter (Kwon et al., 2011) . DNA-DNA hybridization was measured flourometrically according to the method developed by Ezaki et al. (1989) , using photobiotin-labelled DNA probes and microdilution plates. DNA-DNA hybridization of strain R135 T with the reference type strains revealed relatedness values of 43 % with P. terrae, 27 % with P. kyungheensis, 25 % with P. soli, 39 % with P. suwonensis, 41 % with P. sandarakinus, 32 % with P. roseus and 40 % with P. alluvionis. DNA-DNA relatedness between the species demonstrated that strain R135 T differs genetically from Pedobacter type strains at the species level (Wayne et al., 1987) .
Strain R135
T was negative for enzyme activity for esterase (C4) and esterase lipase (C8), whereas these were positive for other reference strains. Malic acid, sodium acetate, adipic acid, potassium gulconate, 3-hydroxybenzoic acid, propionic acid, valeric acid and 4-hydroxybenzoic acid were assimilated by strain R135
T but not by the other reference strains (Table 1 ). This result showed that strain R135
T is phenotypically different from the reference type strains. Based on the phenotypic, chemotaxonomic and phylogenetic data presented here, strain R135
T represents a novel Gordon et al., 2009 and Kwon et al., 2007, respectively. Values are percentages of total fatty acids. Fatty acids amounting to <1.0 % of the total fatty acids in all strains are not shown; À, not detected or <1.0 %; ECL, equivalent chain length. 
Fatty
*Summed features represent groups of two or three fatty acids that could not be separated using the MIDI system. Summed feature 3 comprised C 16 : 1 !7c and/or C 16 : 1 !6c ( †contains iso-C 15 : 0 2-OH and/or C 16 : 1 !7c); summed feature 4 comprised anteiso-C 17 : 1 B and/or iso-C 17 : 1 I; summed feature 9 comprised C 16 : 0 10-methyl and/or iso-C 17 : 1 !9c.
species of the genus P. soli, for which the name Pedobacter humicola sp. nov. is proposed.
Description of Pedobacter humicola sp. nov.
Pedobacter humicola (hu.mi'co.la. L. n. humus soil; L. suff.
-cola a dweller, inhabitant; N.L. n. humicola a soil dweller).
Cells are rod-shaped, Gram-stain-negative, non-motile, aerobic and non-spore-forming. They grow well on R2A agar, NA, TSA, LBA and marine agar while no growth is observed on MacConkey agar. Colonies on R2A agar are circular with regular margins, convex, smooth and light pink. Cells are 1.0-1.4 µm long and 0.6-0.9 µm wide. After incubation on R2A agar for 4 days at 28 C, colonies are 1-2 mm in diameter. Cells grow at 10-42 C (optimum temperature, 25-32 C) and pH 5-10.5 (optimum pH, 6.5-8.5). Cells grow optimally in the absence of NaCl, but tolerate up to 6 % (w/ v) NaCl. Catalase-positive and oxidase-negative. KOH test results indicate that flexirubin-type pigments are absent. Hydrogen sulphide is not produced from culture in SIM medium. Pedobacter Tween 80 is hydrolysed starch and casein are not. DNase assays using DNase test agar are negative. MR-VP tests are negative. Glucose is assimilated but not fermented. Positive for alkaline phosphatase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase and N-acetyl-b-glucosaminidase; weakly positive for a-chymotrypsin and a-mannosidase; and negative for esterase (C4), esterase lipase (C8), lipase (C14), b-glucuronidase and a-fucosidase enzyme activities. In API 20NE tests, positive for nitrate reduction, aesculin ferric citrate, gelatin, 4-nitrophenyl-b-D-galactopyranoside, D-glucose, Larabinose, mannose, N-acetyl-glucosamine, maltose and malic acid; weakly positive for potassium gluconate and adipic acid; and negative for L-tryptophan, D-glucose, Larginine, urea, capric acid, trisodium citrate and phenylacetic acid. In API ID32GN tests, positive for L-rhamnose, N-acetyl-glucosamine, D-saccharic acid, maltose, sodium acetate, D-glucose, salicin, melibiose, L-arabinose, propionic acid and valeric acid; weakly positive for lactic acid, 3-hydroxybenzoic acid and 4-hydroxybenzoic acid; and negative for D-ribose, inositol, itaconic acid, suberic acid, sodium malonate, L-alanine, 5-ketogluconate, glycogen, Lserine, D-mannitol, L-fucose, D-sorbitol, capric acid, trisodium citrate, L-histidine, 2-ketogluconate, 3-hydroxybutyric acid and L-proline. Sensitive to tetracycline, gentamycin, chloramphenicol, kanamycin, streptomycin, neomycin, rifampicin and trimethoprim, but resistant to novobiocin, nalidixic acid, cycloheximide, ampicillin, sulfamethoxazole and penicillin. The polar lipid profile consists of phosphatidylethanolamine as the major polar lipid, along with five unidentified lipids, three unidentified aminolipids and two unidentified phospholipids. The major respiratory quinone is MK-7. The major fatty acids are summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), iso-C 15 : 0 , iso-C 17 : 0 3-OH and C 16 : 0 .
The type strain, R135
T (=KEMB 9005-332  T =KACC  18452   T   =JCM 31010 T ), was isolated from soil in Hwaseong, Gyeonggi-Do, South Korea. The DNA G+C content of the type strain is 40.4 mol%.
